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Anterior horn cellsAbstract Introduction: The majority of enterovirus infection in pediatrics presented with hand–
foot–mouth disease and oral ulcers. A few of these patients had manifestations of polio like
encephalitis and acute flaccid paralysis.
Aim of the work: The aim of our study was to highlight the MR imaging features of enterovirus
infection of the brain and spinal cord.
Patients: 25 patients with hand–foot–mouth disease and clinical diagnosis of encephalitis were
included in this study.
Methods: It is a retrospective study with respect to the confidentiality of the medical record. The
patients were exposed to MR imaging with T1WI images pre and post contrast, and T2WI MR
images, FLAIR, susceptibility weighted imaging (SWI), and diffusion weighted imaging (DWI)
were obtained in all patients. Enterovirus culture confirmation was available in some cases.
Results: MR imaging of the 25 patients revealed 5 patients with normal MRI brain examination.
T2 hyperintensity within the brain stem was seen in 16 patients, while 2 patients showed cervical
cord lesions and two patients with dentate nuclei lesions.
Conclusion: Enterovirus encephalomyelitis has characteristic lesion locations in the posterior por-
tions of the brain stem, substantia nigra, dentate nucleus and within the anterior horns of spinal
cord. Recognition of these findings in the presence of suggestive clinical presentation can help to
establish the diagnosis of enterovirus encephalomyelitis.
 2016 The Egyptian Society of Radiology and Nuclear Medicine. Production and hosting by Elsevier.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-
nd/4.0/).1. Introduction
Viral infections of CNS in pediatrics usually manifest as
meningitis that may proceed into encephalitis with develop-
ment of neurologic deficits or disturbed of level of conscious-
ness (1).
Fig. 1 (a and b) Axial FLAIR showing ill defined hyperintense
signal at the posterior aspect of the pons (straight arrow) partially
extending to the dentate nucleus (curved arrow).
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MRI features. MRI may show areas of T2-hyperintense signal
involving the cortex, subcortical white matter and hippocam-
pal complexes with or without post-contrast enhancement.
These findings may be also seen in the MRI of the brain after
status epilepticus or sometimes severe attacks of tonic-clonic
convulsions (2,3).
Convulsions are a common complication of encephalitis.
Thus peri-ictal MRI signal abnormalities should be considered
as differential diagnosis of encephalitis. In this situation, corre-
lation with clinical and laboratory findings is advised for cor-
rect diagnosis (4).
Few types of viruses may have a characteristic or specific
MRI features. For instance, neonatal herpes simplex viral
encephalitis is often associated with T2-hyperintensities involv-
ing the basal nuclei and thalami with rarely hemorrhagic
changes seen on SWI or gradient echo T2WI, while herpetic
encephalitis in older patients usually targets the limbic system
notably the temporal lobes and spares the basal ganglia with
higher incidence of hemorrhagic changes. In enterovirus infec-
tion, T2-hyperintense lesions are usually seen implicating brain
stem and cerebellum. The Epstein–Barr encephalitis usually
affects the basal ganglia and thalami (5).
Human enteroviruses can cause different disease states,
including respiratory infections, gastroenteritis and
encephalomyelitis (6). Most children are febrile with appear-
ance of vesicular eruptions on their elbows, hands, feet and
knees. Vesicles with ulceration may appear on the mucosa of
the palate, pharynx and lips, and this is known as herpangina.
Some children may present with clinical manifestations of
meningitis or encephalitis (7).
The MR findings in affected patients typically reveal a
rhombencephalitis affecting the posterior pons as well as the
medulla, with some cases showing a predilection for the cervi-
cal cord simulating those findings described in poliomyelitis
(8,9).
2. Aim of the work
The aim of our study was to highlight the MR imaging fea-
tures of enterovirus infection of the brain and spinal cord.
3. Material and methods
This retrospective study included 25 patients who had symp-
toms of enteroviral encephalitis or meningitis during the per-
iod from December 2013 till December 2015. Patients with
proven bacterial meningitis or meningo-encephalitis were
excluded. Patient consent was waived by the Research EthicsTable 1 Anatomical distribution of the signal abnormalities.
Site of the lesions Number (25)
Pontine tegmentum 8 (32%)
Medulla oblongata 5 (20%)
Midbrain 3 (12%)
Dentate nuclei 2 (8%)
Cervical cord 2 (8%)
Negative MRI findings 5 (20%)Board, assuring respect of the confidentiality of the medical
record.
Most of the children infected presented with clinical picture
suggestive of hand–foot–mouth disease and oral ulcers repre-
senting herpangina. 20 children had symptoms of encephalitis
and/or encephalomyelitis. Their ages ranged from 2 months to
6 years. The study included 18 males and 7 females.
The presence of enterovirus was confirmed in 8 patients by
virus culture from the rectum, throat, CSF, using immunologic
dot blotting method while the diagnosis in the rest of the
patients was by consensus of the clinical, laboratory and char-
acteristic MRI features.
All these patients had MRI imaging that was performed on
a 1.5 T Avanto unit (Siemens, Erlangen, Germany) and Gyro-
scan Achieva (Philips Medical system, Best, the Netherlands).
Sedation was used by specialized anesthetist for acquiring
good image quality. No complications were recorded during
the examinations.
20 patients had MRI of the brain only while the remaining
5 patients underwent MRI imaging of both the brain and cer-
vical spine due to suspected spinal insults. The examinations
were done within one to 8 days from the onset of clinical
manifestations.
MR imaging brain examinations included axial (T1, T2,
FLAIR, DWI and SWI) coronal T2 and T1 as well as sagittal
T1 sequences with the following parameters: (a) T1 3D spoiled
Fig. 2 (a and b) Axial T2 showing focal T2 hyperintense signal
at the posterior aspect of the pons (black arrows).
Fig. 3 Axial T2 showing linear T2 hyperintense signal at the
posterior aspect of the pons (black arrows).
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adminstration (Repetition time (TR)/echo time (TE)
= 12.67/5.35 ms, slice thickness = 1.4 mm, acquisition
matrix = 256  256, Field of view (FOV) = 240 mm, Inver-
sion time (TI) = 400 ms); (b) T2-fast spin echo (FSE) sequence
in axial plane. (TR/TE = 4000/120 ms, slice thick-
ness = 5 mm, gap = 1 mm, acquisition matrix = 256  256,
FOV= 240 mm); (c) T2-Fluid-attenuated inversion-recovery
(FLAIR) sequence in axial plane. (TR/TE = 7000/128 ms,slice thickness = 5 mm, gap = 1 mm, acquisition matrix =
256  256, FOV= 240 mm, TI = 1750 ms); (d) Diffusion
weighted imaging: Transverse single-shot echo-planar diffusion-
weighted imaging (TR/TE: 5200/105 ms; section thickness:
5 mm; intersection gap: 1 mm; acquisition matrix: 128  128;
FOV: 240 mm; b value: 1000); and (e) Axial SWI (TR,
18.36–19.34 ms; TE, 25–27 ms; acquisition matrix: 128  128;
FOV: 240 mm; section thickness 2 mm).
Spinal imaging included axial and sagittal FSE T1WI (pre
and post-contrast) (TR/TE 400/10 ms; section thickness
3 mm gap = 1 mm, acquisition matrix = 256  256, FOV=
280 mm), and sagittal as well axial T2WI (TR/TE =
4000/120 ms, slice thickness = 3 mm, gap = 1 mm, acquisition
matrix = 256  256, FOV= 280 mm).
4. Results
4.1. Clinical presentation
Five patients presented with fever, anorexia, as well as cuta-
neous lesions including erythematous vesicles on the skin espe-
cially hands and feet, and oral ulcers on the lips mucosal with
mild disturbance of the level of consciousness but no focal neu-
rological deficit or convulsions.
Twenty patients presented with more aggressive clinical pic-
ture including neurological manifestations with cranial nerve
palsies, disturbed level of consciousness, hemiparesis, mono-
paresis and ataxia.
All patients were subjected to thorough clinical examina-
tion, routine laboratory workup and CSF analysis that
excluded bacterial infection. Diagnosis confirmed in 8 cases
using immunologic dot-blotting method was used to identify
enterovirus. Throat or rectal swab, or CSF was incubated with
antibodies specific to enterovirus.
Fig. 4 Axial T2 showing focal T2 hyperintense signal at the posterior medulla (a), showing focal T1 hypointensity (b) with no post
contrast enhancement (c).
Fig. 5 Axial T2 showing focal T2 hyperintense signal at the crus cerebri (a, black arrows), with bilateral substantia nigra affection (b and
c, curved arrows). Another patient with substantia nigra involvement (d, white arrow).
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Findings from MR imaging of the examined patients with clin-
ical symptoms of enterovirus encephalomyelitis were normal in
five patients (20%), whereas 16 patients (64%) showed hyper-
intense lesions in the brain stem. Two patients (8%) had
lesions in the dentate nuclei in addition to brain stem lesions.
The remaining two (8%) patients had both brain stem and cer-
vical cord positive findings (Table 1).The brain stem lesions included lesions in the midbrain, in
the pons and in the medulla oblongata. The MRI appearance
of the brain stem lesions, includes ill defined patchy T2 and
FLAIR hyperintense signal, linear or focal T2 hyperintensity
appearance.
The pontine tegmentum showed T2 hyperintense signal in 8
cases (Figs. 1–3) representing the commonest site of brain stem
affection. This is followed by medulla oblongata with 5
patients affection (Fig. 4). The least site of affection was the
midbrain (3 cases) with prediction of the substantia nigra in
MRI findings of enteroviral encephalomyelitis 10352 cases (Fig. 5). The cerebellar dentate nuclei affection was
seen in 2 cases; however, no supra-tentorial lesions could be
seen in any case (Table 1).
Cervical cord lesions were seen in 2 cases; it appeared as ill
defined lesions with hyperintensity within the upper aspect cer-
vical cord and with unilateral focal prediction to the anterior
horns in addition to the associated brain stem affection
(Fig. 6).
Following intravenous contrast injection, no appreciable
post contrast enhancement was seen within the brain stem or
cervical cord lesions. There is also no evidence of diffusion
restriction seen on diffusion weighted sequences. The SWI
sequences showed no appreciable abnormalities excluding
hemorrhagic changes.
4.3. Management
No specific antiviral medication or treatment is available for
an enteroviral infection. The best care is through supportiveFig. 6 Sagittal and axial T2 showing T2 hyperintense signal at
the upper cervical cord (straight arrows a and b).measures. Fluid hydration and antipyretics are the mainstays
of care for a viral infection. In patients with severe illness, if
a bacterial infection is suspected, antibiotics were adminis-
tered. In severely ill patient with respiratory failure mechanical
ventilation and ICU management were provided.
Four patients died in the acute phase due to respiratory fail-
ure and pulmonary complications; however, clinical follow-up
of other patients after 3–9 months from onset revealed total
recovery in 10 cases, residual mild neurological deficits includ-
ing mild ataxia and cranial nerve affections in 9 cases, residual
minimal and moderate motor weakness of the involved upper
limbs in the 2 cases with cervical cord affection.5. Discussion
The enteroviruses include enteroviruses 68–71, Coxsackie
viruses, poliovirus, and echoviruses. Rhombencephalitis and
acute flaccid paralysis may present as uncommon complica-
tions following enterovirus infections (10–16).
Multiple previous studies have described non enhancing
dorsal brain stem T2 hyperintense lesions in cases of entero-
virus encephalitis (10,17).
In our study, 10 cases showed T2 hyperintense signal
lesions in the tegmentum of the pons representing the most fre-
quent area of brain stem involvement. The lesions were either
ill defined, linear or focal well defined T2 and FLAIR hyperin-
tensity. These findings were in agreement with Ooi et al. (10),
who found that pontine involvement is the most predominant
among their patients with enteroviral encephalitis.
Two cases with cervical cord affection were enrolled in our
study, that showed unilateral ill defined T2 hyperintensity
within the upper aspect cervical cord with prediction to the
unilateral anterior horns, and they were presented mainly by
homo-lateral upper limb monoparesis. Similar to our cases
Chen et al. (18), Shen et al. (19) and Li et al. (20) described
the MRI findings of the cord affection as segmental T2 hyper-
intensity at the anterior horn cells. Chen et al. (11) also
reported post contrast enhancement involving the anterior
horn as well as the ipsilateral anterior nerve roots in the acute
phase while a linear CSF signal at the anterior horn was seen
as chronic stage in one case.
Our study included three cases with midbrain affection
including two cases with bilateral substantia nigra while five
patients had medulla oblongata affection with bilateral almost
symmetrical high T2 signal in middle portion of the medulla.
Huang et al. (15) described similar substantia nigra involve-
ment in their cases with enterovirus encephalitis.
In our study 5 cases showed normal MRI findings in spite
of the clinical diagnosis of rhombencephalitis. Similar cases
of enterovirus rhombencephalitis with negative MRI were
reported in the literature (19).
No supra-tentorial lesions were seen in our cases excluding
the possibility of acute disseminated encephalomyelitis; how-
ever, Shen et al. (19) reported thalamic and putaminal involve-
ment in a few patients with enterovirus encephalitis.
Most of our cases showed almost bilateral symmetrical
focal signal abnormalities in the brain stem or dentate nuclei
while the cervical cord affections were unilateral in conjunc-
tion with bilateral brain stem lesions.
Radiological analysis of brain stem lesions entails a long list
of differential diagnosis. The bilateral focal symmetrical brain
1036 M.S. Abdelgawad et al.stem affection helped us to suggest the diagnosis of enterovirus
affection supported by lack of restricted diffusion, blooming
on SWI and post contrast enhancement. The lack of restricted
diffusion in our cases helped to exclude acute infarction and
vasculitis while lack of enhancement or supra-tentorial lesions
helped to exclude multiple sclerosis or acute disseminated
encephalomyelitis (ADEM). Lack of expansion and enhance-
ment helped to exclude neoplastic lesions. Focality of the
lesions and lack of proximal lesions along the corticospinal
tracts helped to exclude Wallerian degeneration. Also SWI
was helpful in excluding associated hemorrhagic changes that
can be seen in vasculitis or other causes of bleeds such as cav-
ernomas or telangiectasias.
MRI findings in poliomyelitis exhibit similar T2 hyperin-
tensities involving dorsal brain stem (8,21), substantia nigra
and anterior horn cells (22). However the rarity of poliovirus
(that has been reported to be eradicated) makes these charac-
teristic dorsal brain stem and cervical cord lesions matching
with enterovirus encephalitis and encephalomyelitis.
Our cases showed variable outcome ranging from death in 4
cases to total recovery in 10 cases and residual mild neurolog-
ical deficits in the rest of cases. More or less favorable outcome
was reported in a previous study (11,23,24).
Chen et al. (24) classified the patterns of enterovirus
encephalitis into type I that showed rather well defined
patch-like T2 hyperintense signals restricted to the posterior
brain stem and type II brain stem encephalitis that shows
vague, speckled hyperintense T2 signal pattern in the posterior
brain stem. They reported better prognosis of type II cases
than that of type I cases.
6. Conclusion
Enterovirus encephalomyelitis has characteristic lesion loca-
tions in the posterior portions of the brain stem, substantia
nigra, dentate nucleus and within the anterior horns of spinal
cord. Recognition of these findings in the presence of sugges-
tive clinical presentation can help to establish the diagnosis
of enterovirus encephalomyelitis.
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